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(57) ABSTRACT

Techniques described herein generally relate to estimating
scatter. In one embodiment, one example method for estimat-
ing scatter associated with a target object may include gen-
erating a set of original projections associated with the target
object, generating a set of reference scatter data associated
with the target object at one or more selected projection
angles, generating a first set of estimated scatter data associ-
ated with the target object also at the one or more selected
projection angles, adjusting first values for one or more kernel
parameters of one or more kernels that reduce a difference
between the set of reference scatter data and the first set of
estimated scatter data, interpolating the adjusted first values
for remaining projections out of the set of original projections
to generate second values for the one or more kernel param-
eters, and generating a second set of estimated scatter data
associated with the target object.
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METHODS AND SYSTEMS FOR
ESTIMATING SCATTER

CROSS REFERENCE TO RELATED
APPLICATION

This present application is a 371 application of Interna-
tional Application PCT/US2013/047199, filed Jun. 22, 2013
and entitled “METHODS AND SYSTEMS FOR ESTIMAT-
ING SCATTER.” The International Application claims the
benefit of the U.S. Provisional Application No. 61/663,494,
filed Jun. 22, 2012. This International Application is also
related to the commonly owned U.S. patent application Ser.
No. 13/485,953, filed Jun. 1, 2012. The provisional applica-
tion, U.S. patent application Ser. No. 13/485,953, and Inter-
national Application, including any appendices or attach-
ments thereof, are hereby incorporated by reference in their
entirety.

BACKGROUND

Unless otherwise indicated herein, the approaches
described in this section are not prior art to the claims in this
application and are not admitted to be prior art by inclusion in
this section.

Computerized tomography (CT) involves the imaging of
the internal structure of a target object by collecting several
projection images (“radiographic projections™) in a single
scan operation (“scan”), and is widely used in the medical
field to view the internal structure of selected portions of the
human body. In an ideal imaging system, rays of radiation
travel along respective straight-line transmission paths from
the radiation source, through a target object, and then to
respective pixel detectors of the imaging system without gen-
erating scattered rays. However, in real systems, when a quan-
tum of radiation is absorbed by a portion of the target object,
one or more scattered rays are often generated that deviate
from the transmission path of the incident radiation. These
scattered rays are often received by “surrounding” detector
elements that are not located on the transmission path that the
initial quantum of radiation was transmitted on, thereby cre-
ating measurement errors.

The measurement errors created by scattered radiation
cause artifacts and loss of spatial and contrast resolution in the
radiographic projection data and the CT images produced by
the imaging system. The scattered radiation can also cause
numerical errors in image reconstruction algorithms. All of
the foregoing leads to image degradation.

Solutions have been proposed to estimate and/or correct
scattered radiation using kernel methods. In one example
solution, U.S. patent application Ser. No. 12/125,053 dis-
closes symmetric and asymmetric kernel models, which is
hereby incorporated by reference in its entirety. In other
example solutions, U.S. Pat. No. 8,199,873, issuedon Jun. 12,
2012, and U.S. patent application Ser. No. 13/485,953, filed
on Jun. 1, 2012, discloses hybrid kernel models. Due to the
limitations in the scatter estimation models employed in these
solutions, approximately +/-50 Hounsfield Units (HUs)
uncertainties still exist for challenging situations such as pel-
vis scans.

Accordingly, there is a need to develop techniques that can
further improve the estimation accuracy but in an efficient
manner.

SUMMARY

In accordance with at least some embodiments of the
present disclosure, a method for estimating scatter associated
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2

with a target object is disclosed. The method includes gener-
ating a set of original projections associated with the target
object, generating a set of reference scatter data associated
with the target object at one or more selected projection
angles, generating a first set of estimated scatter data associ-
ated with the target object by applying one or more kernels
with first values for one or more kernel parameters to a first
subset of projections out of the set of original projections at
the one or more selected projection angles, adjusting first
values for one or more kernel parameters of the one or more
kernels that reduce a difference between the set of reference
scatter data and the first set of estimated scatter data, interpo-
lating the adjusted first values for remaining projections out
of'the set of original projections to generate second values for
the one or more kernel parameters, and generating a second
set of estimated scatter data associated with the target object
by applying the one or more kernels with the adjusted first
values and the second values for the one or more kernel
parameters.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the illustra-
tive aspects, embodiments, and features described above, fur-
ther aspects, embodiments, and features will become appar-
ent by reference to the drawings and the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an example imaging system;

FIG. 2 is an example configuration of a table with respect
to a target object on the table, a radiation source, and a
detector, for two selected projection angles as provided by
rotation of the gantry about the target object along a circular
trajectory;

FIG. 3 is an example process flow for improving scatter
estimates;

FIGS. 4-7 are representative views of an elliptical water
cylinder using optimal kernel parameters; and

FIGS. 8-11 are representative views of an elliptical water
cylinder using interpolated kernel parameters, all arranged in
accordance with at least some embodiments of the present
disclosure.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof. In the
drawings, similar symbols typically identify similar compo-
nents, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings,
and claims are not meant to be limiting. Other embodiments
may be utilized, and other changes may be made, without
departing from the spirit or scope of the subject matter pre-
sented herein. It will be readily understood that the aspects of
the present disclosure, as generally described herein, and
illustrated in the Figures, can be arranged, substituted, com-
bined, separated, and designed in a wide variety of different
configurations, all of which are explicitly contemplated
herein.

Throughout the present disclosure, the terms “projection
view,” “projection,” and “projection data” are used inter-
changeably.

FIG. 1 is an example imaging system 100, in accordance
with at least some embodiments of the present disclosure. The
imaging system 100 includes a radiation source 110, a detec-
tor 120 having pixel detectors disposed opposite to the radia-
tion source 110 along a projection line, a first set of fan blades
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130 disposed between the radiation source 110 and the detec-
tor 120, a first fan-blade drive 135 that holds the fan blades
130 and sets their positions. The edges of the fan blades 130
may be oriented substantially perpendicular to the scan axis
(defined below), and are substantially parallel with the trans-
axial dimension (defined below) of the detector 120. As an
option, the imaging system 100 may further include a second
set of fan blades 140 disposed between the radiation source
110 and the detector 120, and a second fan-blade drive 145
that holds the fan blades 140 and sets their positions. The
edges of the fan blades 140 may be oriented substantially
parallel with the scan axis (defined below), and are substan-
tially perpendicular to the axial dimension (defined below) of
the detector 120. The fan blades are generally disposed closer
to the radiation source 110 than the detector 120. They are
normally kept wide open to enable the full extent of the
detector 120 to be exposed to radiation, but may be partially
closed in certain situations.

The imaging system 100 further includes a gantry 150 that
holds at least the radiation source 110, the detector 120, and
the fan-blade drives 135 and 145 in fixed or known spatial
relationships to one another, a mechanical drive 155 that
rotates the gantry 150 about a target object disposed between
the radiation source 110 and the detector 120, with the target
object being disposed between the fan blades 130 and 140 on
the one hand, and the detector 120 on the other hand. The term
gantry has a broad meaning, and covers all configurations of
one or more structural members that can hold the above-
identified components in fixed or known (but possibly mov-
able) spatial relationships. For the sake of visual simplicity in
the figure, the gantry housing, gantry support, and fan-blade
support are not shown.

Additionally, the imaging system 100 further includes a
controller 160, a user interface 165, and a computing device
170. The controller 160 may be electrically coupled to the
radiation source 110, the mechanical drive 155, the fan-blade
drives 135 and 145, the detector 120, and the user interface
165. The user interface 165 may be configured to enable a
user to at least initiate a scan of the target object, and to collect
measured projection data from the detector 120. The user
interface 165 may be configured to present graphic represen-
tations of the measured data. The computing device 170,
coupled to the controller 160, may be configured to perform
simulation operations, data processing operations, and other
operations.

In the imaging system 100, the gantry 150 may be config-
ured to rotate about the target object during a scan such that
the radiation source 110, the fan blades 130 and 140, the
fan-blade drives 135 and 145, and the detector 120 circle
around the target object. More specifically, the gantry 150
may rotate these components about a scan axis, as shown in
FIG. 1, where the scan axis intersects the projection line, and
is typically perpendicular to the projection line. The target
object is aligned in a substantially fixed relationship to the
scan axis. The construction provides a relative rotation
between the projection line on the one hand and the scan axis
and a target object aligned thereto on the other hand, with the
relative rotation being measured by an angular displacement
value 6. The mechanical drive 155 may be coupled to the
gantry 150 to provide rotation upon command by the control-
ler 160. The array of pixel detectors on the detector 120 may
be periodically read to obtain the data of the radiographic
projections. The detector 120 has an X-axis and a Y-axis,
which are perpendicular to each other. The detector 120 may
be oriented such that its Y-axis is parallel to the scan axis. For
this reason, the Y-axis may also be referred to as the axial
dimension of the detector 120, and the X-axis may be referred
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to as the trans-axial dimension, or lateral dimension, of the
device 120. The X-axis is perpendicular to a plane defined by
the scan axis and the projection line, and the Y-axis is parallel
to this same plane. Each pixel is assigned a discrete X-coor-
dinate (“X”) along the X-axis and a discrete Y-coordinate
(“Y”) along the Y-axis. A smaller number of pixels are shown
in the figure for the sake of visual clarity. The detector may be
centered on the projection line to enable full-fan imaging of
the target object, may be offset from the projection line to
enable half-fan imaging of the target object, or may be mov-
able with respect to the projection line to allow both full-fan
and half-fan imaging of target objects.

FIG. 2 is an example configuration of a table 200 with
respect to a target object 205 on the table 200 (generally a
patient), a radiation source 210, and a detector 215, for two
selected projection angles as provided by rotation of the gan-
try about the target object along a circular trajectory 220, in
accordance with at least some embodiments of the present
disclosure. In this example, the x-y plane is defined as the
plane of the paper. The z axis extends out from the paper.
While the radiation source 210 may be rotated 360°, and
projection data may be generated for every 1°, certain pro-
jection data at selected projection angles, such as 61 and 62
shown in FIG. 2, may be analyzed and processed differently.
For instance, in scatter estimation models, such as the kernel
models mentioned in the Background section above, the esti-
mated scatter may be less accurate for certain projection
angles, such as, without limitation, in the lateral direction
(such as 01), near approximately 45 degrees (not shown), near
approximately 135 degrees (such as 62). Subsequent para-
graphs will further detail how the projection data at such
angles of interest may be processed.

FIG. 3 is an example process flow for improving scatter
estimates, in accordance with at least some embodiments of
the present disclosure. An imaging system, such as the imag-
ing system 100 of FIG. 1, generates a set of original projec-
tions 310. The original projections 310 may then be processed
by one or more computing devices 170 also shown in FIG. 1.

In a first data processing path, the original projections 310
may be corrected in a correction operation 315 to generate
corrected projections 320. Some example corrections may
include, without limitation, scatter corrections. The corrected
projections 320 are then further processed in a reconstruction
operation 325 to generate reconstructed image data 330.
Based on the reconstructed image data 330, reference scatter
data are generated in a reference generation operation 335. In
one implementation, the reference generation operation 335
may include additional operations such as, without limitation,
converting the reconstructed image data 330, which for
example could be in the Hounsfield Units (HUs) representa-
tion, to a 3D map of various materials and densities resem-
bling the target object being imaged (e.g., bone structures,
certain organs, etc.), modeling the imaging components of the
imaging system 100 of FIG. 1 (e.g., the operation settings of
the radiation source 110 and the detector 120, and/or beam
filtration and modulator and anti-scatter grid (not shown), so
that the imaging geometry and x-ray energy spectrum, for
instance, of the imaging system 100 used to generate the
original projections 310 may be considered to perform Monte
Carlo simulations), and performing Monte Carlo simulations
on a selected subset of the pixel detectors of the detector 120
(e.g., selected rows of the pixel detectors) and/or projection
views at projection angles that may be known to yield unde-
sirable scatter estimates, such as, without limitation, 61 and
02 to generate the reference scatter data. In other words, in
one implementation, the aforementioned 3D map and/or the
modeled imaging component information may be input to the
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Monte Carlo simulations. Alternatively, instead of perform-
ing Monte Carlo simulations, deterministic methods, such as,
without limitation, solving deterministic particle transport
equations such as the Boltzmann equation may be used to
generate the reference scatter data. Similar to the Monte Carlo
simulations, the aforementioned 3D map and/or the modeled
imaging component information may also be input to solving
the deterministic particle transport equations. In yet another
alternative embodiment, scatter measuring techniques, such
as, without limitation, the beam blocker method, modulation
method, slit scan method, and collimator shadowing tech-
nique may be utilized to obtain the reference scatter data. In
one implementation of the collimator shadowing technique, a
portion of the detector 120, typically in one or more of its
edges, may be blocked from a primary signal by the fan blades
130 or additional such devices.

Although the Monte Carlo simulations and the determin-
istic methods described above are performed based on the
reconstructed image data 330, such scatter simulations and
calculations may use data from a prior scan or imaging, such
as a planning CT, to avoid the need of two-pass reconstruction
operations.

In a second data processing path, a scatter estimation
operation 340 using any of the kernel models mentioned in
the Background section above is performed based on the
original projections 310 to generate estimated scatter data.
Then, the estimated scatter data from the second data pro-
cessing path and the reference scatter data from the first data
processing path are compared in a comparison operation 345.
The estimated scatter data may also be used in the correction
operation 315. In one implementation, the comparison opera-
tion 345 may include the following:

Suppose S1(i,j) corresponds to the estimated scatter data,
and S2(i,j) corresponds to the reference scatter data,
both at pixel detector location (i,j) for a particular pro-
jection angle.

Define an example goal function, such as a root means
square errot, as:

(Sl(i, 7 =82(i, j))2
S2(i, )
R

XXl

i

g=

where the summation i and j are done over a region of interest
on the detector. The region of interest may correspond to the
entire or just a partial area of the detector.

Identify kernel parameters of interest, for example, the
kernel parameters having a large impact on resultant
scatter estimates, such as A in symmetric or y and A in
asymmetric kernel models or the weighting factor that
combines different kernels in hybrid kernel models.

Find optimal kernel parameters of interest.

Using the kernel parameters y and A as an illustration, since
the estimated scatter data S1 is a function of'y and A, and the
goal function g is also a function of y and A, the optimal y and
A that minimizes g may be obtained by solving the optimi-
zation problem,

ming(y, A)
VA
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It is possible to choose other parameters as the parameters
of interest. Specifically, in addition to object scatter related
parameters, parameters of interest may include parameters
that related to anti-scatter grid, detector scatter, and any
parameters employed by scatter kernel superposition meth-
ods.

Once the comparison operation 345 outputs desired kernel
parameters for selected projection views 350, desired kernel
parameters for all projection views 360 are generated by
performing an interpolation and/or extrapolation operation
355. To illustrate, suppose Am is the optimal A for the m-th
view and An for the n-th view, for any view o in between, a
linear interpolation operation may include Ao=Am+(An-
Am)/(n-m)*(o-m). Similarly, the interpolation and/or
extrapolation operation 355 may be applied to other kernel
parameters, such as vy. Alternatively, the linear interpolation
operation may be performed based on angular distances, with
the consideration of angular wrap-around at 360 degrees,
such as:

Ao=Am+(An-Am)/
angle distance_btw_n_and_m*angle distance_btw_o_and_m

There are many ways of performing the interpolation and/
or extrapolation operation 355. Some examples include,
without limitation, non-linear interpolation approaches.
Parameters from any number of optimized projection views
can be used in the interpolation operation 355. For example,
an operation employing a second order polynomial may
require three optimized projections at once. A cubic spline
interpolation may require four optimized projections each
time. The view number and projection angle at the end of a
scan may need to be taken into account in calculations. For
example, when the scan is not 360 degrees, extrapolation
operation may be needed in addition to interpolation.

In one embodiment, with the desired kernel parameters for
all projection views, the kernels having such kernel param-
eters are applied to the original projections 310 to obtain an
improved set of corrected projections 320, from which the
improved reconstructed image data 330 are generated.

FIGS. 4-7 are line profiles from the central rows of repre-
sentative views of an elliptical water cylinder before and after
applying optimal kernel parameters, in accordance with at
least some embodiments of the present disclosure. FIGS.
8-11 are line profiles from the central rows of another set of
representative views of an elliptical water cylinder before and
after applying interpolated kernel parameters, in accordance
with at least some embodiments of the present disclosure. The
angular position of the radiation source and detector with
respect to the target object is also shown. The black lines
shown in these figures correspond to “total signals” (i.e., the
combination of primary signals and scatter signals). The thick
gray lines correspond to the reference scatter data, and the
thin gray lines correspond to the estimated scatter data. The
x-axis of the plots in FIGS. 4-11 corresponds to the column
position of signal samples in units of detector pixels. The
y-axis corresponds to the detector signal in digital units, such
as Analog to Digital Units (ADUs).

InFIG. 4, the before plot is generated with y=0.16 and A=1,
and the after plot is generated with y=0.204 and A=1.28. In
FIG. 5, the before plot is generated with y=0.16 and A=1, and
the after plot is generated with y=0.187 and A=1.24. In FIG.
6, the before plot is generated with y=0.16 and A=1, and the
after plotis generated with y=0.127 and A=1.13. In FIG. 7, the
before plot is generated with y=0.16 and A=1, and the after
plot is generated with y=0.154 and A=1.13. In FIG. 8, the
before plot is generated with y=0.16 and A=1, and the after
plot is generated with y=0.196 and A=1.26. In FIG. 9, the
before plot is generated with y=0.16 and A=1, and the after
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plot is generated with y=0.157 and A=1.18. In FIG. 10, the
before plot is generated with y=0.16 and A=1, and the after
plot is generated with y=0.141 and A=1.13. In FIG. 11, the
before plot is generated with y=0.16 and A=1, and the after
plot is generated with y=0.179 and A=1.21. In all these plots,
the estimated scatter matches the reference scatter better after
using the optimized or interpolated scatter parameters, espe-
cially in the region where the primary signal is low where a
small error in scatter could correspond to a non-trivial error in
the primary signal. The optimal parameters in FIGS. 4-7
exhibit small ranges of variations that are relatively smooth as
a function of projection angles. Thus, interpolating these
optimal parameters for the other projection angles may yield
desirable results, as is evident in FIGS. 8-11.

The foregoing detailed description has set forth various
embodiments of the devices and/or processes via the use of
block diagrams, flowcharts, and/or examples. Insofar as such
block diagrams, flowcharts, and/or examples contain one or
more functions and/or operations, it will be understood by
those within the art that each function and/or operation within
such block diagrams, flowcharts, or examples can be imple-
mented, individually and/or collectively, by a wide range of
hardware, software, firmware, or virtually any combination
thereof. Those skilled in the art will recognize that some
aspects of the embodiments disclosed herein, in whole or in
part, can be equivalently implemented in integrated circuits,
as one or more computer programs running on one or more
computers (e.g., as one or more programs running on one or
more computer systems), as one or more programs running on
one or more processors (e.g., as one or more programs run-
ning on one or more microprocessors), as firmware, or as
virtually any combination thereof, and that designing the
circuitry and/or writing the code for the software and or
firmware would be well within the skill of one of skill in the
art in light of this disclosure.

Although the present disclosure has been described with
reference to specific exemplary embodiments, it will be rec-
ognized that the disclosure is not limited to the embodiments
described, but can be practiced with modification and alter-
ation within the spirit and scope of the appended claims.
Accordingly, the specification and drawings are to be
regarded in an illustrative sense rather than a restrictive sense.

We claim:
1. A method for an imaging system to estimate scatter
associated with a target object, comprising:

generating, by the imaging system, a set of original pro-
jections associated with the target object;

generating, by the imaging system, a set of reference scat-
ter data associated with the target object at one or more
selected projection angles;

generating, by the imaging system, a first set of estimated
scatter data associated with the target object by applying
one or more kernels with first values for one or more
kernel parameters to a first subset of projections out of
the set of original projections at the one or more selected
projection angles;

adjusting, by the imaging system, the first values for the
one or more kernel parameters of the one or more kernels
that reduce a difference between the set of reference
scatter data and the first set of estimated scatter data;

interpolating, by the imaging system, the adjusted first
values for remaining projections out of the set of original
projections to generate second values for the one or more
kernel parameters; and

generating, by the imaging system, a second set of esti-
mated scatter data associated with the target object by
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applying the one or more kernels with the adjusted first
values and the second values for the one or more kernel
parameters.

2. The method of claim 1, wherein the generating a set of
reference scatter data comprises:

generating, by the imaging system, reconstructed image

data of the target object based on a set of corrected
projections, wherein the set of corrected projections are
derived from the set of original projections;
converting, by the imaging system, the reconstructed
image data to a three-dimensional (3D) map; and

based on any combination of imaging geometry and imag-
ing components of the imaging system, the recon-
structed image data, and the 3D map, performing opera-
tions, by the imaging system, at the one or more selected
projection angles.

3. The method of claim 2, wherein the performing opera-
tions includes performing Monte Carlo simulations.

4. The method of claim 2, wherein the performing opera-
tions includes solving equations relating to a deterministic
method.

5. The method of claim 2, wherein the generating recon-
structed image data of the target object is based on a prior
imaging associated with the target object.

6. The method of claim 1, wherein the generating a set of
reference scatter data is associated with a selected subset of
pixel detectors of the imaging components.

7. The method of claim 1, wherein the generating a set of
reference scatter data comprises measuring scatter during a
scan at the one or more selected projection angles.

8. The method of claim 1, wherein the adjusting the first
values for one or more kernel parameters comprises:

defining a goal function of the one or more kernel param-

eters that involves the difference between the set of
reference scatter data and the first set of estimated scatter
data; and

determining the adjusted first values for the one or more

kernel parameters that minimize the goal function.

9. The method of claim 1, wherein the generating a set of
reference scatter data is performed in a first data processing
path, the generating a first set of estimated scatter data is
performed in a second data processing path, and the first data
processing path and the second data processing path are inde-
pendent of one another.

10. The method of claim 1, further comprising selecting the
one or more selected projection angles wherein scatter esti-
mates generated at the one or more selected projection angles
are known to be undesirable.

11. An imaging system configured to estimate scatter asso-
ciated with a target object, comprising:

a radiation source;

a detector;

a controller; and

a computing device coupled to the controller, wherein

the radiation source and the detector are configured to

generate a set of original projections associated with the
target object, and
the computing device is configured to
generate a set of reference scatter data associated with the
target object at one or more selected projection angles,

generate a first set of estimated scatter data associated with
the target object by applying one or more kernels with
first values for one or more kernel parameters to a first
subset of projections out of the set of original projections
at the one or more selected projection angles,
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adjust the first values for one or more kernel parameters of
the one or more kernels that reduce a difference between
the set of reference scatter data and the first set of esti-
mated scatter data,
interpolate the adjusted first values for remaining projec-
tions out of the set of original projections to generate
second values for the one or more kernel parameters, and

generate a second set of estimated scatter data associated
with the target object by applying the one or more ker-
nels with the adjusted first values and the second values
for the one or more kernel parameters.

12. The imaging system of claim 11, wherein the comput-
ing device is configured to generate the set of reference scatter
data by:

generating reconstructed image data of the target object

based on a set of corrected projections, wherein the set of
corrected projections are derived from the set of original
projections;

converting the reconstructed image data to a three-dimen-

sional (3D) map; and

based on any combination of imaging geometry of the

imaging system, first operation settings of the radiation
source, second operation settings of the detector, the
reconstructed image data, and the 3D map, performing
operations at the one or more selected projection angles.

13. The imaging system of claim 12, wherein the comput-
ing device is configured to perform Monte Carlo simulations.

14. The imaging system of claim 12, wherein the comput-
ing device is configured to solve equations relating to a deter-
ministic method.
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15. The imaging system of claim 12, wherein the comput-
ing device is configured to generate the reconstructed image
data of the target object based on a prior imaging associated
with the target object.

16. The imaging system of claim 11, wherein the comput-
ing device is configured to perform the operations associated
with a selected subset of pixel detectors of the detector.

17. The imaging system of claim 11, wherein the comput-
ing device is configured to generate the set of reference scatter
data by measuring scatter during a scan at the one or more
selected projection angles.

18. The imaging system of claim 11, wherein the comput-
ing device is configured to adjust the first values for one or
more kernel parameters by:

defining a goal function of the one or more kernel param-

eters that involves the difference between the set of
reference scatter data and the first set of estimated scatter
data; and

determining the adjusted first values for the one or more

kernel parameters that minimize the goal function.

19. The imaging system of claim 11, wherein the comput-
ing device is configured to generate the set of reference scatter
data in a first data processing path and generate the first set of
estimated scatter data in a second data processing path,
wherein the first data processing path and the second data
processing path are independent of one another.

20. The imaging system of claim 11, wherein the comput-
ing device is further configured to select the one or more
selected projection angles wherein scatter estimates gener-
ated at the one or more selected projection angles are known
to be undesirable.



